This paper studies the transmission of foreign output shocks to real activity in Ukraine through international trade. We employ a global vector auto regressive (GVAR) model that captures about 80% of the world economy and incorporates time-varying trade and financial weights. According to our estimates, a mild recession in the US of a 1% drop in output generates a substantial recession in Ukraine of about 2.2%. A similar drop of output in the euro area and Russia translates to a drop in output of about 1.7% in Ukraine. Finally, the same drop of output in CEE, China, or the CIS leads to an output decline of about 0.4% in Ukraine. Meanwhile, Ukraine's response to euro area output shock has been steadily increasing over the last couple of decades due to changes in global trade flows. Ukraine's sensitivity to shocks in the US and euro area is notably strengthened by indirect trade effects, while the response to shocks from emerging economies, i.e., China, CEE, the CIS, and partially Russia, is mainly determined by bilateral trade linkages.
HOW TRADE COMPOSITION AFFECTS SENSITIVITY TO FOREIGN SHOCKS: APPLYING A GLOBAL VAR MODEL TO UKRAINE
INTRODUCTION 1
Over last few decades, Ukraine has been rapidly integrating with the global economy through trade and financial linkages. Moving from central planning to a market economy and going through a set of internal reforms, Ukraine became a small and very open emerging economy, with about 100% international merchandise trade to GDP. 2 Being an energy importing economy, Ukraine's major export goods are commodities as well -e.g. agricultural goods, metals, etc. This high degree of openness together with considerable dollarization of the economy makes Ukraine particularly sensitive to foreign shocks and vulnerabilities in global markets.
For over 25 years, Ukraine followed a fixed exchange rate regime that was intended to protect the economy from adverse external shocks. However, in 2015 after several dramatic currency crises and recessions, the National Bank of Ukraine gave up fixing the exchange rate and switched its 1 The opinions and conclusions in the paper are strictly those of authors and do not necessarily reflect the views of their affiliated institutions. 2 According to the World Bank database. 3 Faryna (2016b) estimates the degree of exchange rate pass-through in Ukraine to be 0.3-0.4, which is relatively high compared to other emerging economies. policy framework to an inflation targeting regime, at the same time declaring its commitment to ensure price and financial stability, see Lepushynskyi (2015) . A flexible exchange rate, on the one hand, can partially absorb foreign shocks and mitigate their effect on the real economy. On the other hand, the degree of exchange rate pass-through to domestic prices in Ukraine remains high 3 and, hence, foreign factors may play an important role in shaping macroeconomic developments. For this reason, economic stabilization policies require a thorough understanding of the degree and determinants of Ukraine's sensitivity to international shocks.
International trade is one of the most important channels through which external shocks from foreign countries are transmitted to a small open economy. Historically, Ukraine had tight trade linkages with the euro area, Russia, and the countries of Central and Eastern Europe (CEE) and the Commonwealth of Independent States (CIS). Figure 1 shows the trade composition (exports and imports of goods) of Ukraine with major trading partners over the last few decades. In the early 2000s, Ukraine's major trading partner was Russia, with a trade share of about 40% due to tight linkages in production and common supply chains persisting since the time of the Soviet Union. The euro area was the second largest trading partner of Ukraine, with a trade share of about 30%. These shares had been slightly decreasing ahead of the 2008 global financial crisis (to 30% and 20% for Russia and the euro area, respectively) and Ukraine has since been increasing its trade with other emerging economies. After the global financial crisis, which had a particularly strong effect on Ukraine's economy, Ukraine rapidly increased its trade with Russia in line with the pro-Russian economic policy of the Ukrainian government. Due to the geopolitical conflict with Russia in 2014, Russian trade dropped to about 20%, while Ukraine shifted its trade to the euro area and CEE economies. Meanwhile, China increased its share in Ukraine's trade structure from 3% to more than 10%.
The existing literature provides empirical evidence that Ukraine is sensitive to foreign shocks and that cross-country spillover effects are considerable and significant. Several studies examine the transmission of foreign output shocks to Ukraine within the CIS region. Feldkircher (2015) finds that the US and euro area play a dominant role for the region and for Ukraine in particular. Meanwhile, as argued in Feldkircher & Korhonen (2014) , the sensitivity to emerging economies (e.g., China) remains moderate, but is stronger compared to other countries. The importance of the Russian economy for Ukraine is confirmed in Alturki et al. (2009) . Faryna & Simola (2018) also report a high sensitivity to US, euro area, Russian, and Chinese output shocks. In addition, several studies provide evidence for the importance of the CIS region in inflation and exchange rate developments, see Comunale & Simola (2018) , Faryna (2016a) , Beckmann & Fidrmuc (2013) , and Dreger & Fidrmuc (2011) .
In the new globalized world, where all countries have tight trade linkages, country-specific foreign shocks can amplify the response of an economy through high-order transmission channels. The analysis of the sensitivity of an economy to external shocks, therefore, should take into account the multilateral perspective of the world economy. In this paper, we develop a framework to analyze the sensitivity of Ukraine to foreign shocks from its major trading partners, and how this sensitivity has evolved during the 2000s. In addition, we examine the importance of direct and indirect channels in the propagation of these shocks. We employ a global vector auto regressive (GVAR) model, which includes major macroeconomic variables for 30 economies linked together by trade and financial relationships. The GVAR model in this paper is almost identical to the one in Faryna & Simola (2018) , which studies the transmission of international output shocks to the CIS region. Our version of the GVAR model, however, includes a different specification for the Ukrainian individual model, since our focus is a single economy.
First, we develop a GVAR model and evaluate its ability to replicate the propagation of various shocks to the Ukrainian economy. For this purpose, we conduct a bootstrap simulation to test the significance of Ukraine's response to domestic output, foreign output, and oil price shocks. The GVAR model gives reasonable results, although with limited statistical significance. Meanwhile, the response to a global output shock remains statistically significant, indicating that the GVAR model can be a useful tool for exploring the response of the Ukrainian economy to foreign output shocks.
Second, we analyze the sensitivity of Ukrainian economy to country-specific foreign shocks and the evolution of this Lastly, we analyze how Ukraine's sensitivity to countryspecific shocks depends on whether the propagation channels are direct and indirect. In particular, our analysis provides insights on the importance of indirect effects. For this purpose, we solve the model under counterfactual scenarios for Ukraine's trade composition and explore how bilateral trade with a specific country amplifies or counteracts the responses of the Ukrainian economy to foreign shocks. We find that Ukraine's sensitivity to output shocks in the US and in the euro area remains high even if the direct bilateral trade channel is disabled, indicating that even the indirect effects from these shocks are very important for the Ukrainian economy. The response to Russian output shocks also remains strong in counterfactual scenarios due to indirect trade channels, although it is slightly lower than due to the direct trade channel. Foreign shocks to the CEE and CIS regions have a much stronger effect through the direct trade channel. Finally, the propagation of Chinese output shocks through indirect trade channels is weak, indicating that Ukraine's trading partners and the global economy in general remain fairly resistant to macroeconomic developments in China. This is slightly surprising, but similar results have been reported in earlier literature. Thus, Ukraine's sensitivity to shocks in the CEE, CIS, and China are mainly defined by direct bilateral trade linkages. This paper proceeds as following. In the second section, we briefly describe the global vector auto regressive model used for the analysis, with a particular focus on Ukraine. The third section provides results on i) the sensitivity of major Ukrainian macroeconomic variables to domestic and foreign shocks, ii) the evolution of responses to countryspecific foreign shocks over time due to changes in trade composition, and iii) counterfactual scenarios with alternative trade compositions. The fourth section concludes.
GLOBAL VECTOR AUTO REGRESSIVE MODEL FOR UKRAINE
In this section, we briefly describe the global vector auto regressive (GVAR) model used to study the transmission 4 The GVAR model is a type of Panel VAR model. Canova & Ciccarelli (2013) of international shocks to major Ukrainian macroeconomic variables. We employ the GVAR model developed in Faryna & Simola (2018) , which comprises 30 economies and covers about 80% of world PPP-GDP. However, given that our major focus is a single country, we pay more attention to the specification of the Ukrainian model within the GVAR, while the rest of the model is left unchanged.
Global VAR models have become popular for studying the dynamic transmission of shocks across countries, since they take into account high-order cross-county spillover effects from the multilateral perspective. 4 They incorporate cross-country interdependencies, both static and dynamic, while solving the dimensionality issue. 5 The GVAR model is presented in Pesaran, Schuermann & Weiner (2004) and is further developed in Dees, di Mauro, Pesaran & Smith (2007) . Various studies employ GVAR models to explore crosscounty spillovers (see, for example, Galesi & Lombardi, 2009; Harahap et al., 2016; Feldkircher, 2015; and Hajek & Horvath, 2018) .
The GVAR is a combination of individual country VARX* (p i ,q i ) models that include domestic variables and weekly exogenous foreign and global variables:
where i=1,2,3,…,N, N is the number of countries in the panel, X it is a set of country-specific domestic variables; X * it is a set of country-specific foreign variables; D t is a set of common global variables; and u it is a vector of structural countryspecific shocks. The lag order for domestic variables p i is assumed to be higher than the lag order for foreign and global variables q i to ensure the relative importance of domestic variables. Foreign variables are calculated as weighted averages of the corresponding domestic variables in other countries, "#
For example, foreign output for an individual country is calculated as the weighted average domestic output in the rest of the world, while weighting is based on bilateral trade flows between countries. Global variables, in turn, are usually estimated within individual country models (e.g., within the US individual model) or in a separate so-called dominant unit model which allows the inclusion of endogenous relationships between global variables and all countries in the panel. 6 Each individual country model is estimated separately. Thereafter, individual models are combined through weight matrices ω ij so that foreign variables for each country are linked to their domestic counterparts in other countries. After all of the models are linked together, the model is solved to compute Generalized Impulse Response Functions (GIRFs) 7 in order to track how country-specific and variable-specific structural shocks transmit through the world's economies. For example, a shock to a specific variable in one country affects other domestic variables in this country, but also foreign variables in other countries with tight relationships. One of the most important advantages of GIRFs in GVARs is their ability to solve shock identification problems under several conditions. In particular, if cross-country residual correlation and country-specific serial residual correlation is low, GIRFs can be used to evaluate the response to countryspecific and variable-specific shocks.
In this paper, we utilize the model developed in Faryna & Simola (2018) which, in turn, follows the approach described in Dees, di Mauro, Pesaran & Smith (2007) . 8 The GVAR model includes 30 economies covering about 80% of world PPP-GDP. 9 Each individual country model includes four domestic variables: consumer inflation, real output, the nominal short-term interest rate and real exchange rate for the period 2001Q1 -2016Q4. The model also incorporates time-varying trade flows 10 and financial linkages 11 to compute foreign output and foreign interest rate variables, respectively. Oil prices are modeled in a dominant unit model, with PPP-adjusted GDP weights for determining the contribution of each country to oil price dynamics. A brief description of the model is presented in Table 1 (apart from the Ukrainian model).
Given that our major focus is a single economy -that of Ukraine -we pay additional attention to the specification of the individual Ukrainian model. Faryna & Simola (2018) restrict the lag order for domestic, foreign, and global variables to unity due to the relatively short sample for a complex GVAR model. In this paper, however, we keep the structure of the global economy unchanged but increase the lag order for Ukrainian variables. We use the standard procedure of minimizing AIC to determine the lag order. Thereafter, we conduct a set of diagnostic tests to check model adequacy. Table 2 reports summary results of tests of the specification of the individual Ukrainian model. The results of the diagnostic tests suggest that the model for Ukraine is stable and well specified.
THE RESPONSE OF UKRAINE TO DOMESTIC AND FOREIGN SHOCKS
This section provides results regarding the transmission of domestic and foreign shocks to Ukraine. We calculate GIRFs for Ukraine using several strategies for computing alternative trade-matrices for model solution. First, we analyze the benchmark response of four Ukrainian domestic variables to shocks in domestic output, aggregated global output, and oil prices, using a period-average trade structure as the solution matrix. GIRFs are computed using a bootstrap simulation method that in addition to median GIRF estimates provides information about the statistical significance of responses. Second, we show how the response of Ukrainian output to country-specific foreign shocks has evolved over time as trade linkages have undergone considerable change (see Figure 1 ). Lastly, in order to understand the importance of indirect propagation channels on Ukraine's sensitivity to foreign shocks, we utilize counterfactual trade matrices for model solution. In particular, we compute GIRFs assuming that Ukraine trades only with a single country or region.
8 For the technical procedure of model estimation, we use an open source Matlab toolbox for modeling GVAR provided by Smith & Galesi (2014) . 9 According to World Bank database for 2000-2016. 10 The weights used to construct foreign output variables are based on annual bilateral goods trade flows (i.e. exports plus imports in US dollars). The trade data come from the IMF Direction of Trade Statistics database, which provides data on the geographical distribution of countries' exports and imports. 
The Response to Domestic Output, Global Output, and Oil Price Shocks
The GVAR model described in the second section is first used to compute GIRFs to a 1% domestic output and aggregated global output shocks, as well as a 50% oil price shock. The benchmark simulation employs period-average trade and financial compositions for all of the countries in the panel. Benchmark GIRFs are computed using the bootstrap simulation method which allows identification of the confidence level.
The responses given by the model to a 1% domestic output shock are largely in line with expectations, see Figure 2 . Real activity increases, which, in turn, drives inflation up. Consequently, the interest rate goes up while the exchange rate appreciates. In the long term, the responses are, however, statistically insignificant. This indicates that the GVAR model has a limited ability to explain internal relationships and dynamics for Ukraine. This might be related to the relatively short time period under consideration, especially as it includes several possible structural breaks.
We further explore whether the GVAR can be useful in analyzing the effect of foreign shocks on Ukraine. We compute the aggregated global output shock for the benchmark solution by assuming that the rest of the world is a single region in terms of shock origin. We calculate the rest of the world region by weighting country-specific variables using PPP-adjusted GDP aggregation. The global output shock here is common for all countries except Ukraine. Figure 3 plots the response of the four Ukrainian domestic variables to an aggregated global output shock. A one-percent increase in global output generates a roughly 2-percent increase in Ukrainian output on impact, and about a 3-percent increase over the long-term. An increase in real activity abroad generates additional demand for Ukrainian goods, which stimulates Ukrainian output and slightly raises inflation. Higher inflation and increased exports may lead to the appreciation of the real exchange rate. Meanwhile, the response of the interest rate is negative, which is somewhat counterintuitive, as both output and inflation go up. However, given that Ukraine has been practicing a fixed exchange rate regime, the negative response of the interest rate to a positive global output shock can be explained by the appreciation of the real exchange rate.
Compared to previous studies on Ukraine and other emerging small open economies, our estimates of the output response are relatively large. 12 This can be explained by the specification of the Ukrainian model, where the lag order for domestic and weekly exogenous variables is not limited to unity. On the one hand, the inclusion of additional lags takes into account delayed macroeconomic effects and provides richer dynamics. On the other hand, the complex structure of the GVAR model can amplify responses via the higherorder transmission channels. Nevertheless, the response of Ukrainian output is statistically significant, with the lower confidence band being higher than 1 percent. The responses of other variables are statistically insignificant, except for the real exchange rate, which appreciates in response to a positive foreign output shock. Our analysis suggests that the GVAR model can be used effectively for studying the response of real activity in Ukraine to foreign output shocks.
Lastly, we compute the GIRFs to a global oil price shock for Ukrainian variables. Given that Ukraine's economy can be characterized as both commodity importing (e.g. energy imports) and commodity exporting (e.g., metals and agriculture exports), the direction of the response to an oil price shock is not straightforward to assess. On the one hand, the increase in energy prices leads to an increase in costs for energy importers and, hence, negatively affects output. On the other hand, oil prices closely correlate with other commodities. Therefore, assuming that the increase in oil prices is associated with increases in prices for other commodities, higher prices should not automatically decrease real output. The aggregated effect, therefore, depends on what channel dominates. In addition, a positive output response of Russia and other trading partners in the CIS region to an oil price shock may generate additional demand for Ukrainian goods which, in turn, drives Ukrainian output up. Figure 4 plots the response of Ukrainian variables to a 50% oil price shock together with 90% confidence bands. The initial response of output is positive (about 4%), while the real exchange rate appreciates (about 9%) with these responses being significant on impact. Long-term responses, however, are insignificant, indicating that the GVAR model is unable to explain the response of Ukraine's economy to commodity price shocks.
Having explored the properties of the benchmark GVAR model with a particular focus on Ukraine, we find that this framework can be useful to understand how foreign output shocks affect Ukrainian real activity. Our estimates can be interpreted in order to measure the response of Ukrainian output to a global recession. In particular, a mild global recession of 1 percent output drop generates a substantial recession of 2% drop in Ukrainian output on impact and 3% drop in the long-run. This indicates that Ukrainian economy is particularly sensitive to global shocks. However, the cross-country transmission of output shocks heavily depend on trade relationships. Recall that foreign output variables for each individual country model are computed using trade-weighted matrices. Therefore and given that the trade composition in Ukraine has been changing considerably over last decades, we further analyze the response of Ukraine to country-specific foreign output shocks and how it has been changing over time.
Evolution of Responses to Country-Specific Foreign Output Shocks
We compute GIRFs for Ukraine to 1 percent output shocks in the US, euro area, Russia, China, CEE, and CIS region excluding Russia. 13 All these countries or regions have been important trade partners for Ukraine over the last few decades. The GVAR model in this paper performs fairly well in terms of dealing with cross-country residual correlation which allows us to identify country-specific shocks. However, the relatively high number of individual country models 13 CEE and CIS variables were computed using PPP-adjusted GDP aggregation. CEE region comprises five countries: Bulgaria, Czech Rep., Hungary, Poland, Romania. CIS region excludes Russia and comprises four countries: Azerbaijan, Belarus, Georgia, Kazakhstan. 14 For example, we are not able to treat foreign output shocks as demand shocks. 15 GIRFs here are calculated at the 30th period of response.
with first order serial correlation limits our ability to identify variable-specific structural shocks. Therefore, in our further analysis we are able to distinguish between shocks to foreign output across countries, while variable-specific structural identification is limited. 14 Given that our model utilizes timevarying trade matrices, we compute GIRFs to output shocks in all the above-mentioned economies for each year starting from 2000 until 2016. Figure 5 shows time-varying long-term responses for Ukraine. 15
In terms of the degree of sensitivity, Ukraine is highly sensitive to output shocks in the US. A one-percent shock to output in the US increases Ukrainian output by about 2.2%. Although the share of the US in the trade composition in Ukraine is relatively moderate (about 5%), the importance of the US can be explained by its dominance in the global economy in general. It seems that the response to the shocks originating in the US has been slightly declining over the last two decades (2.4% in 2000 compared to 2.1% in 2016).
The high sensitivity of Ukraine to a euro area shock, in turn, is mainly explained by tight trade relationships (about 25% of Ukraine's total trade, see Figure 1 ). The response to a euro area shock has been steadily increasing from 0.5% in 2000 to 1.7% in 2016. This is partly due to the increased significance of the euro area as a trading partner for Ukraine, but, as argued in Faryna & Simola (2018) , is also due to changes in the trade compositions of other countries, which have made the euro area more powerful in terms of the shock transmission.
The response of Ukraine to Russian output shocks is relatively high as well. A one-percent increase in Russian output translates to an increase of about 1.7% in Ukrainian output. Ukraine's sensitivity to Russian shocks has somewhat decreased since the start of the geopolitical conflict between Russia and Ukraine in 2014, but remains relatively high -despite the considerable drop in the trade relationships between the countries. This can be explained by the importance of the Russian economy to other emerging economies (e.g., CIS and CEE) to which Ukraine has shifted its trade recently.
Despite the growing importance of China on the global stage, as well as in the trade composition of Ukraine, the Ukrainian economy's response to Chinese output shocks remains moderate. A one-percent increase of output in China is associated with an increase of about 0.4% in Ukrainian output in 2000, and about 0.5% in 2016. Noteworthy, the sensitivity of Ukraine to Chinese shocks is higher than for several other countries, as shown in Faryna & Simola (2018) .
The CEE and CIS economies have always been important trade partners for Ukraine. The trade share of CEE and CIS increased from about 10% in 2000 to 15% for CEE in 2016, and from 6% to 9%, for the CIS. The response to a one-percent shock in the CIS translates to about a 0.5% increase in output in Ukraine, with that response having slightly decreased in recent years. The effect of a one-percent output shock in CEE, in turn, has rapidly increased -from 0.3% to 0.6% -in recent years, which can be explained by increases in trade between Ukraine and CEE.
To sum up, Ukraine is particularly sensitive to output shocks in the US, the euro area, and Russia, while the response to euro area shocks has been steadily increasing over the last couple of decades. The response to other emerging markets remains moderate and stable, except of the effect from CEE, to which Ukraine has rapidly shifted its trade in recent years.
Counterfactual Scenarios on Alternative Trade Compositions
In the previous subsection we showed that changes in trade composition have influenced the sensitivity of the Ukrainian economy to foreign output shocks. However, the changes in the Ukrainian responses seem not to be fully explained by changes in the trade structure of Ukraine. Therefore, we further develop a strategy based on counterfactual scenarios of trade composition in order to evaluate the relative importance of direct and indirect trade channels in the Ukrainian economy's sensitivity to foreign shocks.
For this purpose, we assume that Ukraine trades only with a single economy (country or region) while the rest of the world keeps its trade composition unchanged. Technically, we adjust the way foreign-specific variables are calculated for model solution. In particular, in the equation for foreign variables, "#$% * = ∑ "#$) )% * )+, , we change the vector of trade weights for Ukraine ω UKRj so that it contains one element, which equals "1", and other elements which equal "0". If ω UKR (j)=1, Ukraine has full trade linkage with country j. If ω UKR (j)=0, Ukraine has no trade linkage with country j. In addition, we assume that Ukraine has no effect on other countries. We normalize trade and financial weights so that the share of Ukraine equals zero for all countries in the panel. Given that Ukraine's original trade share for the rest of the world is very small, this assumption has almost no effect on the amplification of shocks in the model. Financial linkages remain unchanged for the world economy, as well as for Ukraine.
The analysis can be useful for identifying how foreign output shocks affect Ukraine through direct and indirect trade channels. In particular, a foreign shock to a specific country can affect other countries through their direct trade relationships. A positive shock to a trading-partner economy, e.g. the euro area, creates additional demand for Ukrainian goods, which stimulates exports, and hence raises production and output. In addition, given the complex structure of the GVAR model, which takes into account dynamic and contemporaneous cross-country interdependencies, directly-affected countries can also transmit such shocks further to their trading partners. For example, a positive shock in the euro area creates additional demand for goods not only in Ukraine, but also in other economies linked by bilateral trade, e.g. CEE, the CIS, Russia. These economies, in turn, have an additional effect on Ukraine through the demand channel. Note also that the response to a rise in foreign output is not necessarily positive. If countries gain from bilateral trade, the response of output is expected to be positive. However, if countries face global competition, the response might be negative. Therefore, the general effect of direct and indirect channels depends on the composition of global trade.
A GVAR model can be a useful tool for decomposing direct and indirect channels and illustrating the importance of indirect effects that are not easily identified otherwise. For different counterfactual scenarios, we compute GIRFs for Ukrainian output in response to country-specific output shocks over the long-term, see Figure 6 . Each panel corresponds to the response of output in Ukraine to foreign output shocks in the US, the euro area, CEE, China, Russia, and the CIS. Each bar, in turn, shows the response of output in Ukraine in a scenario in which Ukraine trades only with the corresponding economy marked on the x-axis. The baseline response corresponds to the scenario in which trade-weighted solution matrices are computed as periodaverage trade compositions for each country.
We can note two things from Figure 6 , with the example of a shock originating in the US economy in the upper left corner. First, compared to the baseline, the response of the Ukrainian output to a shock in US output is higher when Ukraine trades only with the US. This can be expected, as in this case the weight of the US in the foreign output variable is much higher than in the baseline, exceeding the output effects coming from other countries. Second, we can see that an output shock originating in the US has a relatively strong effect on Ukrainian output, even if Ukraine is not directly trading with the US. If Ukraine is trading, e.g., only with the EMU area, the response of Ukrainian output to a shock originating in the US is nearly as strong as in the baseline, as the US shock increases output and demand in the EMU area, hence supporting Ukrainian exports and output.
Note that our decomposition does not fully distinguish between direct and indirect bilateral trade effects. In particular, even if Ukraine trades only with a shockoriginating economy, higher-order spillover channels are enabled. Other affected countries can spill back to a shockoriginating economy and have a third-round effect on Ukraine. While the baseline response is the sum of direct and indirect effects given the average trade structure over time, responses under counterfactual scenarios do not measure the direct effect from the baseline response. In contrast, under the counterfactual scenario, we increase the relative weight of the direct effect so that it can be higher than the baseline response if the sensitivity to a shockoriginating economy is also relatively higher. Nevertheless, this analysis can indicate whether the difference between responses in various scenarios changes, and whether the sensitivity to country-specific shocks depends on direct bilateral channels, or if it remains stable even if countries have no direct linkages. This analysis suggests that the sensitivity of Ukraine to output shocks in the US does not solely depend on bilateral trade flows with the US. In particular, even if Ukraine only trades with other countries, the response to shocks in the US does not change considerably. Meanwhile, if Ukraine trades only with the US, the response of Ukrainian output increases from 2.2% (baseline) to 2.6%. This indicates the dominant role of the US in the world and the existence of strong indirect channels for the transmission of its shocks.
We get similar results for sensitivity to output shocks in the euro area. Ukraine's response to a euro area output shock increases form 1.5% (baseline) to 1.9% if Ukraine trades only with the euro area. However, if Ukraine only trades with other countries, the response to a euro area shock does not drop considerably. Similar to the US economy, the euro area can play an important role for other countries and affect Ukraine through indirect trade channels.
Ukraine's sensitivity to the Russian economy seems to depend on both direct and indirect channels. Under full trade linkage with Russia, Ukrainian sensitivity increases from 1.4% (baseline) to 1.8%. Meanwhile, the response decreases to about 1% if Ukraine only trades with other countries. Although the direct trade channel seems to be crucial for the transmission of Russian shocks to Ukraine, the indirect channel should not be ignored: Ukraine also has tight trade relationships with the CIS region and other economies that are sensitive to Russian shocks.
The response of Ukraine to foreign shocks in China, CEE, and the CIS seems to depend mainly on direct bilateral trade linkages. In particular, under full trade linkage with China, CEE, and the CIS, Ukraine's response increases from 0.6%, 0.5%, and 0.4% (baseline) respectively, to 1.2%, 1.6%, and 0.8%. If Ukraine trades with other countries, those responses decrease or remain the same. This suggests that Ukraine's response to shocks from emerging economies are not amplified much through indirect trade channel.
The analysis shows that especially in the case of shocks from the US and the euro area, indirect effects are also very important -even beyond direct bilateral trade linkages. Ukraine's sensitivity to shocks from most emerging economies mainly depends on bilateral trade linkages, but indirect channels can also play a role, although these are more moderate.
CONCLUSIONS
Being a small open emerging economy with tight trade linkages to advanced economies and the emerging world, Ukraine is sensitive to foreign shocks. In order to explore the transmission of country-specific foreign shocks to Ukraine, we employ a global vector auto regressive model that consists of 30 economies, including Ukraine and its major trading partners. The estimated individual country models are combined by trade and financial linkages which determine the role of each country in the transmission of international shocks.
We compute Generalized Impulse Response Functions for Ukraine using a bootstrap method and find that the model can be effectively used to assess the Ukrainian economy's response to foreign output shocks. In particular, the results suggest that a 1% shock to aggregated global output translates to about 3% increase in Ukrainian output in the long-term, with that response being statistically significant at 90% confidence level.
We then compute time-varying responses of Ukraine to country-specific shocks to foreign output in the US, the euro area, Russia, China, and the CEE and CIS regions. Our findings indicate that the US plays a dominant role for Ukraine, despite having a relatively low share in Ukrainian trade structure. A mild recession in the US of a 1% drop of output generates a substantial recession in Ukraine of about 2.2%. The sensitivity of Ukraine to output shocks in the euro area and Russia is high as well, which can be explained by the strong trade links between these countries. A similar drop of output in the euro area and Russia translates to a drop of about 1.7% in output in Ukraine. The response to euro area shocks, however, has increased considerably since the early 2000s, which does not tally with changes in Ukraine's trade structure. Meanwhile, the response to shocks in Russia has sharply decreased since the start of the geopolitical conflict in 2014 and the imposition of trade restrictions by both countries. The sensitivity to output shocks in China, the CIS, and CEE remains relatively lower. The same 1% drop of output in CEE, China, and CIS leads to a decline of about 0.4% in output in Ukraine. However, since recessions tend to be much deeper in Russia, CEE, and the CIS, the general effects of a recession in these countries or regions can be painful for Ukraine.
In order to illustrate the importance of indirect trade linkages in the propagation of foreign shocks, we solve the GVAR model under counterfactual scenarios for Ukrainian trade composition. We assume that Ukraine trades only with a single country, and compute impulse responses to output shocks in the above-mentioned economies. We find that output shocks in advanced economies, especially the US, have strong indirect effects on Ukraine, even if direct bilateral trade is small, as they affect other countries that trade more with Ukraine. For emerging-economy shocks, Ukraine's response mainly depends on the direct trade linkages, while indirect effects are not very important. In particular, the response of output in Ukraine decreases considerably if bilateral trade with shock-originating economies is limited. 
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